TFC5, the unique and essential gene encoding the B" component of the Saccharomyces cerevisiae RNA polymerase III transcription factor (TF)IIIB has been cloned. It (8): the TATA box-binding protein, TBP; the TBP-interacting 67-kDa TFIIBrelated protein, Brf (gene BRFI/PCF4/TDS4) (9-11); and a chromatographically separable component named B" (12). Active B" was previously isolated as a 90-kDa "band" out of denaturing (SDS) gels, renatured, and shown to reconstitute active TFIIIB. In the experiments that are described below, we complete the proof of constitution of TFIIIB by cloning the gene encoding the B" protein, expressing it in Escherichia coli, and using the resulting protein to reconstitute transcriptionally active TFIIIB entirely from its three recombinant constituents. 
The central transcription factor (TF) of RNA polymerase (pol) III is TFIIIB: TFIIIB alone suffices to recruit pol III for multiple rounds of accurately initiated transcription (1) . Yeast TFIIIB binds avidly to greatly varying DNA sequence upstream of the transcriptional start sites of pol 111-transcribed genes but requires an assembly factor, TFIIIC, for proper positioning (reviewed in refs. [2] [3] [4] . An exception to this general rule is provided by the yeast U6 snRNA' gene (SNR6), to whose TATA box TFIIIB can bind on its own. In fact, accurately initiating transcription of the SNR6 gene can be executed in vitro by TFIIIB and pol III alone (5) (6) (7) .
Yeast TFIIIB comprises three components (8) : the TATA box-binding protein, TBP; the TBP-interacting 67-kDa TFIIBrelated protein, Brf (gene BRFI/PCF4/TDS4) (9) (10) (11) ; and a chromatographically separable component named B" (12) . Active B" was previously isolated as a 90-kDa "band" out of denaturing (SDS) gels, renatured, and shown to reconstitute active TFIIIB. In the experiments that are described below, we complete the proof of constitution of TFIIIB by cloning the gene encoding the B" protein, expressing it in Escherichia coli, and using the resulting protein to reconstitute transcriptionally active TFIIIB entirely from its three recombinant constituents. Wholly recombinant TFIIIB suffices for precise binding to tRNATyr G62 -> C promoter-up mutation), pLNG56 (the same gene with the C56 -> G promoter-down mutation), pLNWT (containing the wild-type SUP4 gene; similar to pTZ1), and pCS6 (containing the SNR6 gene coding for U6 snRNA) have been described (13, 14) . The p539H6-derived PU6R is described elsewhere (ref. 14; S. K. Whitehall, G. A. K., and E.P.G., unpublished data). TFIIIC affinity-purified on box B-DNA, Mono Q-purified pol III, and recombinant yeast TBP were prepared as described (1, 7) . His6-tagged Brf (10) was purified on Ni2+-chelating agarose as cited for the purification of recombinant B" below. Greater purification was achieved by eliminating a previously used step of Mono S chromatography (7) and, instead, allowing Brf to precipitate upon direct dialysis of the Ni2+-chelating agarose Brf fraction out of 7 M urea into 40 mM Tris-HCl, pH 8/100 mM NaCl/10% (vol/vol) glycerol and MPLP (10 mM 2-mercaptoethanol/0.5 mM phenylmethylsulfonyl fluoride/1 ,ug of leupeptin per ml/1 ,g of pepstatin per ml). The Brf precipitate was resuspended in 6 M guanidine hydrochloride and renatured (15) , using bovine serum albumin (BSA) diluent (16) with 500 mM NaCl as the dilution buffer. The preparation of Brf (Fig. 1, lane d) , which contains the 67-kDa full-length protein and a 49-kDa fragment (resulting from proteolysis or internal translational initiation) that extends from amino acid V165 to the C-terminal His6 tag, was 15% active in formation of heparin-resistant TFIIIB-DNA complexes (12) .
Conditions for analysis of transcription, DNase I protection, and gel mobility shift with the SUP4 and SNR6 genes have been described (7, 16) . Quantities of protein are specified as fmol of DNA-binding activity for TFIIIC, fmol of protein capable of forming heparin-resistant TFIIIB-DNA complexes for Brf, TBP, and B", and fmol of pol III active in specific transcription (12, 13) .
Purification of the B" Component of TFIIIB for MicroSequence Analysis. B" was extracted with 6 M urea from S-100 pellets derived from 1600 g of Saccharomyces cerevisiae BJ926 and subjected to chromatography on Bio-Rex 70 as described (8) . Ninety percent of this material (70 mg of protein) was loaded onto a 60-ml hydroxylapatite column (Bio-Gel HTP; Bio-Rad) equilibrated in 100 mM sodium phosphate, pH 7.8/20% (vol/vol) glycerol/0.01% (vol/vol) Tween 20 and MPLP, washed with 60 ml of the same buffer followed by sequential 120-ml washes of the same buffer with 135, 160, 185, 215, and 500 mM in place of 100 mM sodium phosphate (pH 7.8). B" TP activity eluted at the end of the 160 mM and throughout the 185 mM sodium phosphate step 
9786
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. (8) .
Substantial purification of Mono S-purified B" (Fig. 1 , lane a) was achieved by chromatography on poly(dA-dT)-poly(dAdT) coupled to CNBr-activated Sepharose (17) with only one polypeptide band in the 67-to 100-kDa range (data not shown but marked in Fig. 1 , lane a) coeluting with B" activity. The identity of this "90-kDa polypeptide as B" was confirmed by subjecting 7 ,ug of protein from the Mono S-derived B" fraction to SDS/PAGE. The material stained with Coomassie brilliant blue G was precisely excised, eluted, and renatured as described (8) along with slices of similar size taken above and below the presumptive band of B" protein. B" activity was observed in two gel slices: the presumptive B" polypeptide and a weak (shadow) band directly above it. The quantity of protein in these two bands was estimated from the Coomassie stain density, using a dilution series of BSA on the same gel as a standard curve. Since 31 Zg of 90-kDa polypeptide (340 pmol) yielded 170 pmol of active B", we concluded that most of this material was the desired B" polypeptide(s).
The protein in the major '90-kDa band and the weaker (shadow) band above it were separately isolated for microsequencing: 406 Zg of protein from the Mono S B" fraction was precipitated with acetone, resuspended in lx sample buffer (18) , separated by SDS/PAGE, and stained with 0.05% Coomassie brilliant blue G. Bands corresponding to the major and minor 90-kDa proteins were precisely excised, soaked in HPLC-grade water, and stored at -70°C. An in-gel digestion method (19) was used with modification to obtain internal amino acid sequence of B". Individual gel slices were digested with Achromobacter protease I (lysylendopeptidase), and the resulting peptides were separated by reverse-phase HPLC (Vydac C18 column: 1.0 x 250 mm, 10 p-im, 300 A) for analysis of amino acid sequence (Applied Biosystems sequencer, models 470 and 477, with on-line HPLC analysis of phenylthiohydantoin-amino acids). The reverse-phase chromatographic profiles of peptides generated by digestion of the major and minor 90-kDa protein with lysylendopeptidase were nearly identical (one or two additional peptides were possibly present only in the minor 90-kDa protein).
Identification The resulting map of PCR products was confirmed by generating predicted internal PCR products fromh larger, gel-isolated PCR products (22) and by identifying additional alreadydetermined peptide sequence in the DNA sequence. Confirmed PCR products derived from primer combinations 2 + 7, 2 + 8, and 4 + 8 wete labeled by nick-translation (23) (4-6 x 108 cpm/yg of DNA) and sequentially used to probe mapping membranes-for S. cerevisiae (prime clone grid filters; ATCC 77284) as well as colony blots of an S. cerevisiae genomic plasmid library [ATCC 77162, kindly provided by J. L. Cereghino and S. Emr, University of California at San 
yielding -2.6 mg and -6 mg of full-length and truncated B", respectively (Fig. 1, lanes b and c) . B" was renatured from the Ni2+-chelating agarose elution buffer containing 7 M urea (adjusted to pH 8 with Tris base soon after elution) by rapid addition of 100 volumes of BSA diluent (16) . The activity of recombinant, full-length B" was determined by double-reciprocal plots of the formation of heparin-resistant TFIIIB-tDNA complexes with a fixed quantity of B" (estimated relative to a BSA standard) and increasing concentrations of TFIIIC-Brf-TBP-tDNA complexes. Extrapolation of the least-squares best-fit linear plot (r2 = 0.9996) to infinite DNA substrate indicated =100% active molecules. The specific activity of the truncated version of B", although not quantified, appears comparable.
RESULTS
Identification and Isolation of the TFC5 Gene. The B" component of TFIIIB was purified from 6 M urea-extracted S-100 cellular debris on the basis of its ability to reconstitute active TFIIIB in combination with recombinant TBP and Brf.
DNA-protein photocrosslinking (28) and renaturation of B" TF activity from denaturing gels (8) had identified B" as consisting of one or more =90-kDa polypeptide(s). The purification of B" and precise identification of its corresponding polypeptide band (Fig. 1 , lane a) are described in Material and Methods. In-gel digestion with lysylendopeptidase and microsequencing generated a subset of peptide sequences (underlined in Fig. 2 ) that were used to design degenerate oligonucleotides (Table 1, (29) ods). Recombinant B" migrated anomalously as an "90-kDa protein on SDS/PAGE (Fig. 1, lane b) , indistinguishable in mobility from natural B" (Fig. 1, lane a) . A truncated variant of B", lacking 39 N-terminal and 107 C-terminal amino acids (AB"; Fig. 2 ; molecular mass, 52 kDa), purified from E. coli as a C-terminally His6-tagged protein, also migrated anomalously as an -61-kDa protein on SDS/PAGE (Fig. 1, lane c) .
Recombinant full-length B" and the truncated AB" were able to replace natural yeast B" for TFIIIC-dependent tRNA gene transcription (Fig. 3, compare lanes c and d with lane b) and for U6 snRNA gene transcription (Fig. 3 , compare lanes g and h with lane f); the only nonrecombinant protein in the U6 assay was highly purified pol III (31) .
The stability and structure of TFIIIB-DNA complexes formed with recombinant and natural B" were also compared to determine whether some missing modification of the recombinant protein or the lack of an as yet uncharacterized protein in B-C-tDNA-, B": ---r r r y rA rA -y r r rA heparin: The DNase I footprints of SUP4 (Fig. 5, lanes b-d) (28) . Although recombinant B" is fully active in the formation of heparin-resistant TFIIIB-DNA complexes upon renaturation, we have noted that the recombinant B"-containing TFIIIB complexes were somewhat less active in recruiting pol III than similar amounts of yeast-derived B"-containing TFIIIB complexes ( Fig. 3 ; data not shown). It is also worth noting that TFIIIE has recently been proposed as an additional core yeast pol III TF that is present in the B" fraction of TFIIIB and acts subsequent to the binding of TFIIIB (32) . Although our experiments appear to eliminate an essential role for TFIIIE in pol III transcription, it remains entirely plausible that TFIIIE contributes to transcription in vitro, perhaps due to an ability to protect one or more of the essential components from inactivation or to aid reactivation.
A truncated form of B" lacking 39 N-terminal and 107 Cterminal amino acids is transcriptionally active and capable of forming very tightly bound, heparin-resistant transcription complexes. That surprising finding makes the further dissection of functional domains and interactions in B" particularly interesting. It also makes it more important to determine whether the full-length TFC5 gene has been cloned. Our principal reason for believing this to be the case is that there is no satisfactory acceptor splice site-TACTAAC box combination in the sequence. The sequences of these combinations in S. cerevisiae are highly constrained; only a few combinations deviating by a single nucleotide are known (35) . We only find combinations of candidate sites deviating by two or more nucleotides. The sequence of the 5' end of the 5' RACE product also shows no indication of splicing at the N-proximal end of the gene, while 3' RACE indicates poly(A) addition sites relatively close to the downstream end of the translational open reading frame.
